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Specification 

1. [Title of the invention] 

Surface light emitting semiconductor laser 

2. [Scope of the patent claims] 

Regarding the surface light emitting semiconductor- laser of 
diffraction grating coupled type, the surface light emitting 
semiconductor laser is characterized such that the fibrous lens 
on its light emitting surface is mounted such that it enables the 
divergent spreading angle on the light emitting surface to be made 
smaller or to be molded into convergent beams, or the outgoing 
direction to be changed. 

3. [Detailed explanation of the invention] 
[Utilized field in industry] 

The present invention relates' to the surface light emitting 
semiconductor laser of the diffraction grating coupled type 
(hereafter abbreviated as GC type) , particularly the surface light 
emitting semiconductor laser which can control its outgoing beams. 
[Prior arts] 

Traditionally, there was no technology which controls the beam 
shape of the surface emitted laser beam from GC type semiconductor 
laser. As GC type laser, there are distribution feedback type 
(DFB) , distribution. brag type (DBR) , and the figure 3 is a figure 
showing the traverse junction stripe type (TJS) semiconductor 
laser which is an example of DBF type laser. In the figure, 3 



is GaAa base, 6, 7 is a AlGaAl clad layer, 7 is a GaAs active layer, 
8 is an AlGaAs light guide layer, 11 is a GaAs cap layer, 9 is 
a secondary diffraction grating, 12 is an electrode, 13 is an 
isolation window where along p-n junction, junction camp layer 
11 is removed in striped shape, 14 is a p area with zinc dispersed. 

And in figure 4, it shows the outgoing beam shape from this laser, 
and in the figure, 15, 16 is the end surface light emitting beam, 
17 is the surface light emitting beam. 
Next, the operation will be explained. 

Regarding the wave which transmits the active layer 7 in the 
axis direction of the resonator, this wave is diffracted in the 
chip surface upper direction by the secondary diffraction grating 
9. This light passes AlGaAs clad layer 10 which has a small 
absorption loss, is taken out into the air from the isolation window 
13 which is in the space of electrodes 12. This beam 17 is bent 
as shown in figure 4. The surface light emitting area is linear 
with 2-3pm along the resonator length. Because of this, there 
is no diffraction effect along the resonator direction z, beam 
shape hardly spread. On the other hand, in Y axis direction, since 
the light emission is from the narrow area of 2-3)im, the beams 
diffract and spread. 
This angle is about 10-15 degrees.' 
[Problems the present invention attempts to solve] 

The traditional surface light emitting semiconductor laser is 



configured as above, and regarding its surface emitted beam, beam 
spreading angle is quite a bit different depending z direction 
or y direction, and in case the light enters light fibers or is 
irradiated on a narrow area, it is necessary to use the. big 
cylindrical lens to control the beam spreading in y direction, 
the problem was that in case one wants to miniaturize the entire 
device, it becomes a big barrier. 

The present invention was done in order to solve the above 
described problems, and the purpose is to provide the surface light 
emitting semiconductor laser which obtains the convergent surface 
emitted beam without requiring the outside large lens system. 
[Means to solve the problems] 

The surface light emitting semiconductor laser of the present 
invention is equipped with the fiber lens mounted such that it 
maintains the narrowness of the spreading angle in x direction, 
and it decreases the beam spreading in y direction, or can control 
it into a. convergent shape. 
[Actions/operations ] 

In this invention, the fiber lens is configured to be mounted 
to decrease the beam spread in y direction or control it into 
convergent shape, thus obtaining the convergent surface emitted 
beam. 

[Embodied form] 

The following will explain one embodied form of the present 
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invention using drawings. 

Figure 1 is a drawing showing the surface light emitting 
semiconductor laser by one embodied form of the present invention, 
in the figure, 1 is a fiber lens, and '2 is laser. 
Figure 2 is the cross section schematic drawing within XY plane 
in order to show the beam path of this embodied form as shown in 
figure 1. In the figure, 8 is an adhesive agent. Not shown in figure 
2, but in actuality, fibers diameter is large compared with 
isolation groove 13, hence, fiber lens 1 is separated from AlGaAs 
upper part clad layer 10 by the thickness L2 of the GaAs capping 
layer 11. 

Next, the operation of this embodied form will be explained. 
For instance, according to the beam tracing when TJS laser is 
hypothesized as shown in figure 2, outgoing light angle £ at 
paraxial approximation is expressed as follows: 

S - < 2 - ft i > " ' ( 0 - T > - r 

n f 

1 i * +■ 1 1 fi n , 

r 

R ♦ tt * 

However, LI is the thickness of upper part clad layer, L2 is the 
distance between upper part clad layer and fibers bottom, a is 
the outgoing light angle at the AlGaAs upper part clad layer, nl 
Is the refraction rate of the upper clad layer, nt is a refraction 
rage of adhesive agent; R "is the radius of the fiber. Figure 5 
is a drawing showing the calculation of the spread of the radiance 
angle against the refraction angle of the fiber, and as understood 



from the drawing, with the increase- of nl, the radiation angle 
narrows, at Nt~1.9, beams become parallel. By setting up R, LI, 
L2, na, nf suitably, the radiation angle 1 can be controlled. 

Figure 6 shows the calculation of the beam deflection angle 
Incase the fibers deflected by AX along X axis from the light 
emitting center, 
It is expressed as follows, 

< - Bis MX) '<B. X) -2 lift % ( ~^-U 

Br 

AX 
X « 

As can be understood form this, by minutely adjusting the fibers 
in x direction, for instance, even after mounting the laser chip, 
the beam outgoing angle can be re-adjusted. And, if the beam 
starting point can be moved electrically, beam scanning can be 
done in a larger range. 

And this embodied form was explained based on the TJS laser; 
this can be other GC type laser which will have the same effect 
as the above described example. 
[Effects of the invention] 

As described above, regarding surface light emitting semiconductor 
laser of the present invention, it is configured to be equipped 
with a fiber lens mounted such that while the spreading angle 
narrowness in x direction is maintained, the beam spreading in 
y direction can be decreased, or controlled in the convergent 
shape, hence, surface emitted beam that was collimated second 
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dimensionally can be obtained, the first, second, third 
dimensional laser array with convergent beams and polarized 
functions can be obtained. 

4. [Simple explanation of the diagrams] 

Figure 1 is a three dimensional drawing showing the surface light 
emitting semiconductor laser with fibers attached by the first 
embodied form of the present invention, 

Figure 2 is a cross sectional drawing showing the beam path of 
the surface light emitting semiconductor laser by one embodied 
form of the present invention, 

Figure 3 is a three dimensional drawing showing the traditional 
DFB-TJS laser, 

Figure 4 is a drawing showing the outgoing beam shape of surface 
emitted beam, 

Figure. 5 is the drawing showing the dependency of the radiation 
spreading angle against the fiber refraction in one embodied form 
of the present invention, 

Figure 6 is a drawing shown the calculation result- of the radiation 
deflection against the position shift of the fibers center and 
light emission center in one embodied form of the present 
invention, 

1 . . . fiber lens; 2 . . . Laser; 3 . . . GaA base; 4 . . . GaA3 buffer layer; 

5. . . AlGaAs buffer layer; 6. . . AlgaAs lower part clad layer, 7. . . 
GaSs active "layer , 8.. AlGaAs light guide layer, 9... Secondary 
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diffraction grating, 10... AlGaAs upper part clad layer,. 11. 
GaAs capping layer, 12. . . Electrode, 13. . . Isolation groove; 18 
Adhesive agent 

In the figure, same symbol shows equivalent parts 
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